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JOHN H. LAWRENCE
During the past few years, physicists in this country and abroad,
in their studies on the atom and the atomic nudeus, have made con-
tributions which, it already appears, will have important practical
applications in biology and medicine.
To be specific, more or less as a by-product of their studies to
learn more about the building-blocks of matter, they have produced
radio-activity artificially and a new form of radiation with intense
biological activity-the neutron. Enough exploratory work has
been carried out to show that a distinctly new field in fundamental
biological investigation is opened up. Some of these developments
will be summarized here.
It is not necessary to point out the importance to dinical and
experimental medicine of the naturally occurring radio-active ma-
terials and x-rays. Physicists have now made numerous other ele-
ments artificially radio-active, in fact, the list indudes a majority of
the elements of the atomic table and is enlarging every day. Ele-
ments of obvious interest in biology are: sodium, phosphorus, potas-
sium, sulphur, and iron. Thus we have for use in biology, radio-
activity in many of the elements and, in addition, another form of
penetrating radiation, neutron rays.
Radio-active Isotopes of the Common Elements: "Tagged" Atoms
In 1934, Joliot and Curie7 reported that they had produced arti-
ficially radio-nitrogen, radio-silicon, and radio-phosphorus. Since
then, these and otherinvestigatorsthroughouttheworldhaveinduced
artificially radio-activity in many of the other elements. Their
methods have been the bombardment of various elements with the
alpha particles of radium or with neutrons3 from a radium beryllium
source.
With these methods large yields of radio-active substances were
not possible. However, the discovery of heavy hydrogen by Urey
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and his associates,13 and the development of the cyclotron by E. 0.
Lawrence and his associates,9 made possible the manufacture of fairly
large quantities of radio-active elements. In the cyclotron, deu-
terons (which are heavy hydrogen nuclei) are accelerated to speeds
equivalent to 5,000,000 volts or more, and then are directed against
targets of various elements, which are thus- made radio-active.6
Radium and its relatives and derivatives give off one or more of
the following: alpha particles (which are helium nuclei), beta rays
(electrons), and gamma rays, all ofwhich are ionizing radiations and
produce biological effects which supposedly are secondary to ioniza-
tion within the tissues. Artificially induced radio-active elements
give off similar particles, but differ from their natural relations in
that they retain their activity for relatively short times, i.e., days in
contrast to years. Unlike radium, these relatively short lives make
it safe to inject them into the body, since, after a shorter or longer
period, the activity is almost completely exhausted. Also, the
radio-active isotopes of the various elements do not differ chemically
from their stable relatives. These radio-active elements, because
of their radiations, can be detected and quantitated by means of an
electroscope or a Geiger counter, and it is immediately suggested
that the metabolism of the various elements can be followed within
the body, since they are "tagged" atoms.
In 1934, E. 0. Lawrence8 showed that ordinary sodium could
be made radio-active by means of bombarding the metal with
deuterons in the cyclotron. In preliminary experiments we tested
the biological activity of a normal saline solution made from radio-
sodium and found that when small amounts were injected into white
mice an expected leukopenia resulted, without other deleterious
effects. The effects of radio-sodium on leukemia in mice are now
being investigated. In view of the non-toxicity and short radio-
active life of radio-sodium, it was felt that it would be safe to give
this substance to patients with leukemia, and this has been done
recently by Hamilton and Stone.4' The amounts given were rather
small, so there was no clinical or hematological improvement.
However, it was possible to quantitate the amounts of the radio-
active salt in the blood serum, urine, perspiration, and feces. Less
than ten per cent of the total amount of radio-sodium given was
eliminated within the period of its measurable activity. Excretion
took place in the urine and sweat but not in the feces. Recently,
Hamilton has given small amounts of radio-sodium chloride by
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mouth to three young adults (unpublished experiments). Using
the Geiger counter as detector, the salt appeared in the hand after
two minutes, indicating the rapid onset of absorption. The absorp-
tion of salt by this and other routes is now being investigated. By
this method absorption studies on organic compounds containing
"tagged" atoms can also be carried out.
Chiewitz and Hevesy2 in Copenhagen, have found that after rats
were fed radio-phosphorus, it was about equally excreted in the urine
and feces. Their results indicate that a phosphorus atom spends
about two months within the body of the rat, and that bone is a
dynamic tissue. One rat was killed twenty-two days after being fed
active phosphorus and the organs were analyzed for the presence
of radio-phosphorus. The bones contained the largest amounts,
but when the phosphorus content per gram of dried tissue was cal-
culated, the spleen, kidneys, and brain had the higher content. The
teeth had very actively taken up the phosphorus.
Scott"2 has fed to young growing chickens radio-phosphorus
made in the cyclotron. The excretion and distribution of phos-
phorus was similar to the findings of Chiewitz and Hevesy. How-
ever, much larger quantities were fed and this resulted in a definite
effect on the blood picture. Unlike the usual effects of irradiation
of the whole body with radium or X-rays where a lymphopenia
results, a neutropenia resulted. This is undoubtedly due to the
more or less selective absorption of the phosphorus in bone, giving
the marrow selected irradiation, causing destruction of the granulo-
cytes. These studies'are being carried further on mice.
In the following table are listed some of the elements which can
be made radio-active and which are of obvious interest in biology and
medicine. Included are the radiations.emitted, and the half-lives.
At the half-life-period the activity is one-half of the original. At
the end of a second period equivalent to the half-life, the activity
is one-fourth the original; at the end of another similar period, one-
eighth, and so on. Depending on the original activity, the radio-
active elements can be detected over a period equivalent to many
half-lives. Thus, one form of radio-sodium which has a half-life
of about fifteen hours could be detected a week later if the original
sample were strong enough. Radio-phosphorus, on the other hand,
which has a half-life of about two weeks, can be traced in the animal
body after several weeks. As noted in the table, many of the ele-
ments which are important in biology have sufficiently longdurations
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of activity to make it possible to study for a considerable period after
they are fed their distribution in the various tissues and cells of the
body.
Since the rate of decay for the various elements is known, it is
possible to quantitate exactly the relative amounts taken up by the
various tissues and fluids. For instance, the transference of various
Element
Sodium24
Sodium22
Phosphorus32
Potassium42
Sulphur3
Copper64
Nitrogen'3
Oxygen15
Magnesium27
Chlorine34
Calcium45
Manganese58
Iron59
Iodine128
Barium139
Mercury
Arsenic
Bromine
Emits
Beta and gamma rays
Positrons
Beta rays
Beta rays
Beta rays
Beta rays and positrons
Positrons
Positrons
Beta and gamma rays
Positrons
Beta rays
Beta rays
Beta and gamma (? ) rays
Beta and gamma rays
Beta and gamma (?) rays
Beta arid gamma rays
Half-life
14.8 hours
6 months
14Y2 days
16 hours
2 months
12.8 hours
10 min. 23 sec.
2 min. 6 sec.
10 min. 25 sec.
40 min.
4 hours
23/2 hours
72 hours
25 min.
80 min. -
40 hours
27 hours
35 hours
elements across cell membranes such as red cells, can be easilystudied
by this technic. The possibility of following the metabolism of
synthetic organic compounds, having a "tagged" atom in their struc-
tures, is immediately suggested.* As above noted, these various
radio-active elements chemically behave as do their non-radio-active
relatives, and are truly "tagged" atoms, their activity serving to
"flag" them. If larger doses are used, the ionizing radiations
emitted cause, in addition, biological changes. This introduces the
possibility of selective irradiation of certain tissues for which certain
elements have a predilection. The relation of phosphorus to bone
and of iodine to the thyroid are examples.
* This method is also now being used in elucidating certain chemical reactions.
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Biological Action of Neutron Rays
Another development which is of importance to medicine is the
neutron. This electrically neutral particle of matter, having the
approximate weight of the hydrogen nucleus, was discovered by
Chadwick in 1932.' Unlike x-rays and gamma-rays, neutrons are
able to penetrate great thicknesses of dense substances such as lead,
but are absorbed by material rich in hydrogen. In hydrogen, or in
material rich in hydrogen, such as tissue, neutrons give rise to intense
ionization resulting from recoil protons. These secondary recoil
protons are the result of the collisions of neutrons with hydrogen
nuclei. The ionization along the tracks of these heavy recoil par-
ticles is about one hundred times as dense as that due to the second-
ary electrons of gamma rays.
This totally different distribution of ionization brings up inter-
esting questions as to the probable biological effects of neutron rays.
In the case of x-rays where wave length influences the density of
ionization there have been varying results, and it has been question-
able whether there are any significant differences in biological effects
with different qualities of radiation. However, the differences in the
distribution of the ionization resulting from neutrons and x-rays is
of much greater magnitude than one finds when comparing, for
example, 200 KVwith 1,000,000 voltx-rays. Also, Zirkle,"4 study-
ing the effects of alpha particles on the fern spore, finds that in
this case the biological effectiveness varies as the 5/2 power of the
density of ionization. In other words, at least for alpha particle
ionization, ion density is an appreciable factor and since protons in
ionizing power resemble alpha particles rather than electrons, one
would expect that in the case ofneutrons, density of ionization would
be a factor in biological effectiveness. In the field of physics much
important work has been done with neutrons from a beryllium-alpha
particle source, but the intensity is inadequate for biological investi-
gations. However, the previously mentioned cyclotron' does pro-
vide an intense and adequate source of neutrons. The deuteron beam
is directed against a target of beryllium resulting in an intense beam
of neutrons.
During the past two years, some preliminary experiments have
been carried out on the biological effects of neutrons,-produced in
the cyclotron.10' 11, 15, 16 Briefly, they have demonstrated the intense
biological activity of neutron rays in destroying biological materials,
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includingnormal and neoplastictissue. Bythe methods ofmeasure-
ment used, neutrons are much more biologically effective than are
x-rays. However, aside from any quantitative figures, qualitatively
neutrons definitely differ from x-rays. Using biologically equi-
valent doses of the two forms of radiation on five different test
objects, i.e., normal tissue, neoplastic tissue, fern spores, wheat seed-
lings, and drosophila eggs, it has been found that with respect to
x-rays, the relative sensitivity to neutrons varies with each object.
In other words, for the first time we have a form of radiation which
has varying differential effects with respect to another form of radi-
ation. It gives us another weapon for the study of the effects of
ionizing radiations on tissue, and introduces the possibility that this
new form of radiation may have a favorable differential effect on
one or more neoplasms.
Summary
Biological experiments with artificial radio-active substances and
neutron rays are briefly discussed, and some medical implications
are given. The importance of radio-active isotopes as indicators in
studying biological processes is stressed and the possibility of using
these radio-active elements and neutrons in therapeutic irradiation is
suggested.
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